Tissue ATP concentrations in slices of red beet increase progressively with time for up to 7 days after cutting the root. ATP The manner in which metabolic energy is supplied to ion transport processes in plant cells is not well established. It is generally agreed that cation influx can be coupled to ATP hydrolysis (13), although the manner of coupling, and the relationship of cation influx to electrogenic H+ efflux, remains in doubt. In the present study, the dependence of K+ influx on ATP concentration has been investigated in more detail. We show in another report (14) that the present relationship between influx and ATP concentration is different from that observed for the electrogenic pump activity.
The manner in which metabolic energy is supplied to ion transport processes in plant cells is not well established. It is generally agreed that cation influx can be coupled to ATP hydrolysis (13) , although the manner of coupling, and the relationship of cation influx to electrogenic H+ efflux, remains in doubt. In the present study, the dependence of K+ influx on ATP concentration has been investigated in more detail. We show in another report (14) that the present relationship between influx and ATP concentration is different from that observed for the electrogenic pump activity.
With regard to anion influx (13) , there is some evidence for its dependence on ATP but contrary claims have also been made, especially for storage tissues (2, 11) . The present study shows that in storage tissue of red beet Cl-influx shows a dependence on ATP concentration similar to that observed for K+ influx. Evidence is also presented that, in addition to its effect on ATP levels, oligomycin inhibits the Cl-pump at the plasmalemma.
MATERIALS AND METHODS Plant Material. Disks about 0.8 mm thick and 4 mm diameter were cut from storage tissue of red beet (Beta vulgaris L.), and washed in 0.1 mm aerated CaSO4, changed daily, at 22-24 C. The washing was continued for [5] [6] [7] days, except where otherwise indicated, in order to allow development of Cl-transport (12 15 ,000g. Eight-ml samples of supernatant + 10 ml Aquasol (New England Nuclear) were counted in a scintillation counter, and then recounted for 36C1 after decay of the 42K.
The remainder of the tissue homogenate was taken for ATP assays after centrifugation at 10,000g for 15 min to sediment debris. Immediately before the ATP assays, 5 ml ofthe supernatant were added to 5 ml 40 mm glycylglycine buffer (pH 7.4) and the mixture was adjusted to pH 7.4 with 1 M KOH + 0.1 M KHCO3. The extract was then centrifuged at 5,000g for 5 min to remove KC104 and ATP assays were performed without delay. The luciferin-luciferase ATP assays were performed without delay. The luciferin-luciferase ATP assays were performed as described by Schram (15) with a few modifications. The content of one vial of firefly extract (Sigma FLE-50) was dissolved in 5 ml cold distilled H20. This reconstitution of the firefly extract gives a final concentration of 50 mm potassium arsenate and 20 mm MgSO4 (pH 7.4). This enzyme solution was agitated occasionally and incubated on ice for [2] [3] [4] [5] h. When ready for use, the enzyme solution was centrifuged 10 min at 5,000g. The supernatant was either used immediately in the ATP assay or stored frozen for future use.
To scintillation vials containing 700 Id glycylglycine buffer were added 100 tA of the enzyme solution prepared as described above.
The vials were swirled vigorously and after 15 s, either 200 ,ul tissue extract (diluted 5-or 10-fold) or 200 ,ul ATP standard (5-25 PETRAGLIA AND POOLE pmol) were added to each vial. The vials were swirled vigorously for another 15 s, then placed in a scintillation counter set in noncoincident mode to count the samples repeatedly for 0.1-min intervals. The readings for the standard curve and experimental values were taken from the earliest interval after which a smooth decay with time was observed. This was usually the third 6-s interval. In all experiments, residual luminescence due to endogenous ATP in the original FLE-50 was subtracted from the fmal counts.
As a control, in some cases 20 nmol ATP were added to the surface of the beet tissue immediately before freezing in liquid N2. Subsequent assay showed complete recovery of this ATP in the tissue homogenate, within the limits of experimental error.
RESULTS
Factors Affecting ATP Levels. Data from a number of experiments are collated in Table I with an ATP level of 20.6 nmol/g, whereas K+ and C1-influxes in solution B were 9.2 and 8.7 ,ueq/g-h, respectively, with an ATP level of 13.2 nmol/g. Although these data are consistent with the expectation that ion accumulation consumes ATP, they do not distinguish between cation and anion fluxes or between plasmalemma and tonoplast transport.
Correlation of Influx with ATP Levels in Presence of Inhibitors. Figure I shows the plasmalemma influx of Cl-plotted against tissue ATP concentration in four separate experiments in which the ATP level was varied by the addition of a range of concentra- electron transport (cf. 3, 11) . In the case of Cl-influx in the illustrated by plotting influx in the presence of oligomycin as a presence of oligomycin, however, the pattern is clearly different percentage of the influx in CN-or CCCP solutions giving the than with the other inhibitors. Oligomycin inhibits Cl-influx to same level of ATP. In this way, we have subtracted the component a greater extent than can be accounted for by its effect on ATP of the oligomycin effect which is due to changes in ATP level. levels.
The remaining component of oligomycin inhibition, seen in Figure  In Figure 3 , the additional effect of oligomycin on Cl-influx is 3, is attributed to a direct effect of oligomycin on the plasmalemma C1-transport system. The inhibition increases with increasing oligomycin concentration, and the oligomycin concentration giving 50%o inhibition is about 6 (6) show that oligomycin inhibits Cl-influx more than K+ influx in excised barley roots. Lin and Hanson (7) showed that oligomycin inhibits phosphate influx in corn roots to a greater extent than can be accounted for by its effect on ATP levels, and Malone et al. (8) 
